This paper investigates a Finite Control Set Model Predictive Control (FCS-MPC) approach on a newly developed topology called Three Level Neutral Point Clamped Based Indirect Matrix Converter. The proposed control strategy takes advantage of the discrete nature of power converter system to predict the future behavior of the output current and subsequently selects the future state that minimizes a cost function before actuating in the next sampling time. Foremost, an extensive mathematical analysis is performed to comprehend the operating principle of Three Level Indirect Matrix Converter (TLIMC). Its ability to generate multilevel output voltage represents a tremendous advantage especially for high voltage applications. The procedure of developing this control scheme is elucidated by considering two discretization methods which are Forward and Backward Euler's approximation. The outcomes of each discretization are compared in terms of the harmonics content (THD%) and its ability to track the reference output currents through Matlab/Simulink® simulation. Both approaches illustrate good tracking ability while using an intuitive and versatile control scheme.
I. INTRODUCTION
Matrix converter is a family of AC/AC power converter. For the past decades, this topology has received particular attention due to its salient features such as compactness and reliability. For this reason, matrix converter is now taking place as an alternative to conventional AC to AC power converter such as cycloconverter and back to back power converter. The development of this control scheme was catalyzed by fast improvement of power semi-conductor switches and rising capabilities of the latest micro controller to cater the huge amount of calculation required by the control algorithm. In line with the needs of power converter control, these microprocessors have made possible all sorts of complex and sophisticated control algorithms. Besides matrix converter, there are also other topology that can perform AC to AC conversion, such as cycloconverter and back to back power converter. Cycloconverter was one of the earliest AC/AC power converter used in the industry. Research on this topology was actively conducted and investigated in the literature. First and foremost, the fast commutated semiconductors switches produce a significant amount of harmonics content that cannot easily be filtered by the inductive loads. The harmonics pollution is considered as major weaknesses of this topology [1] , [2] .
Back to back power converter can be used in real engineering applications. This topology unites the rectifier, intermediate DC link element and inverter in the same topology. The conversion of AC to AC is performed indirectly. In other meaning, the rectifier converts the AC to DC through the DC energy storage element. Subsequently, the DC to AC conversion is performed by the inverter stage. In fact, the presence of the DC link element represents a significant drawback as it consumes large space for the energy storage element. The other limitation of this topology is the reduced lifespan [3] - [7] . In comparison to other electronics components, the energy storage element is sensitive to grid disturbances and thus susceptible to regular maintenances and disturbances. In order to eradicate the demerits of cycloconverter and back to back power converter, the IMC can be designed in a compact manner and can be operated at extreme atmospheric conditions [8] . Additional feature of IMC, it has bidirectional power flow capabilities and can be designed with small sized reactive elements at the input filter [9] , [10] .
Albeit, all its positive features, the IMC is proven to be less appropriate to high voltage application. Unlike conventional converter, multilevel converter topologies have the advantages to deal with medium and high voltage. Furthermore, multilevel converter topologies are able to operate with voltage over the switching device rating while reducing the common mode voltage. The proposed topology is a hybrid combination of two level six bidirectional semiconductor switches rectifier with three level three phase NPC base voltage source inverter. In comparison to conventional converter, multilevel converter topology has not only the ability to generate multilevel output voltage but it can also produce superior quality output waveform with respect to harmonics content and impose lower stress on motor bearing and winding isolation [3] . This paper is organised as follows: Section II presents the mathematical background of TLIMC. In this section, the related mathematical equations are derived. Section III introduces Euler's Forward and Backward discretization equations and the application of those approximations to TLIMC's input filter and RL load. Section IV embeds the discretized model of the input filter, TLIMC and loads into the predictive control. Lastly, section V performs the comparative analysis and concludes the research findings in Simulation Results and Discussions
II. THREE-LEVEL INDIRECT MATRIX CONVERTER
The proposed TLIMC consists of cascaded structure of two-level rectifier and three level neutral point clamped voltage source inverter. In brief, the working principle of the TLIMC is practically similar to the conventional IMC topology. By properly connecting one upper level and one lower level semiconductor switch respectively. The rectifier serves as an AC to DC by building up dual fictitious dc link voltage PO v and ON v [12] [13] . Using the dc link neutral point of the star connected input filter capacitor, the NPC inverter is able to synthesize three level three phase output voltage from the dual fictitious DC link voltage. cannot be switched ON simultaneously because this will results in short circuit configuration at the load side.
To recapitulate, Table 1 shows all 3 switching possibilities configuration along with its corresponding potential difference between output phases and the neutral point 'O'. As indicated in this table, it can be noticed two conditions:
ii. 
Applying Kirchhoff's voltage law at node P, O and N, the fictitious DC-link voltage can be described as (6) .
As explained earlier, at any instant, only two rectifier bidirectional switches can be turned on to create the dual dc link voltage. Hence the rectifier can allow one upper level rectifier switch to conduct current flow ( P i ) through P terminal and the remaining one rectifier switch from the lower level to allow current ( N i ) to flow through the N terminal [11] . (7) 
B. Inverter
From Table 1 , it can be easily understood that the potential difference between output phases
and the neutral point O as a linear combination of PO v and ON v as indicated in (8). 
The NPC VSI can provide 3^3=27 switching. To resume, TLIMC considers 27x2=54 switching possibilities in the predictive controller.
III. EULER'S FORMULA AND DISCRETIZATION
The key concept to fully understand the working principle of predictive control strategy is to derive a mathematical model that represents with outstanding accuracy the real system. In PCC and IUPF, the emphasize of the prediction is given to the output and source currents behaviour. Indeed, the essence of predictive control is the prediction of the controlled variable at the next sampling instant. In order to obtain an accurate future prediction, the same mathematical model that has been used to represent the real system will be used for prediction purposes. For this reason, the differential equation of the mathematical model is discretized to include the expression of sampling time into the predictive calculation. In the following analysis, different Euler's approximation approach have been used and listed below:
i.
Forward Euler's approximation. ii. Backward Euler's approximation. Euler's approximation was chosen for two main reasons; simplicity and its exceptional accuracy which are two main criteria for good FCS-MPC performance [12] . Prior to any calculation, let's consider a differential equation in continuous domain as a function of a set of controlled variable x and control inputs u as indicated in (11) . (13) Being the simplest approximation approach, forward Euler's formulation has been used in numerous technical papers as reported in [1] , [8] , [13] , [14] . The prediction of controlled variables is calculated by acquiring current values of controlled variables and inputs. In comparison to Forward Euler's method, backward approximation is slightly complicated but yet still has been used in the literature [2] .With this method, the prediction of the controlled variable can be expressed as a function of current and future values of controlled variables and predicted value of controlled variable.
A detailed derivation of this model can be found in [2] where the dynamic response from the differential equations of the input filter is taken into account to obtain the following discrete equations: For Backward approach, prior to the estimation of the output current, the predicted value of output voltage must be calculated.
IV. FINITE CONTROL SET MODEL BASED PREDICTIVE CONTROL

A. Discretization
The essence of MPC is to use discrete mathematical model to compute a trajectory of future manipulated variable [17] . Considering the discrete nature of TLIMC, the optimization problem of MPC can be simplified to the evaluation of finite set of possible switching states of the power converter [18] . FCS-MPC algorithm uses the finite number of valid actuation states of the power converter. The proposed scheme maintains the predictive values closed to their respective references at the end of the sampling instant and maintain positive dc-link voltage between the rectifier and inverter stages. Predictive controller satisfies all the aforementioned constraints by using the following five steps i.
Measure the load current ii.
Predict the behaviour of the load current for each valid switching states iii.
Evaluate the cost function g for each prediction iv.
Select the switching states that minimizes the cost function v.
Apply the new switching states to the converter during the next sampling time
B. Instantaneous Unity Power Factor Strategy
In order to regulate the source current, IUPF strategy has been developed in [16] and reproduced in this research project. The implementation of this strategy is very simple and straightforward. In brief, IUPF guarantees the source current to be in phase with the source voltage which brings about reactive power minimization. Foremost, a reference source current is calculated as a function of voltage sources as indicated in (22).
where k G is the instantaneous conductance which can be expressed using the instantaneous active power k s P and 2norm voltage sources vector as in (23). Finally, by combining (22) Designing the cost function is the core task of this control. The cost function characterise the objective of the control where it must include all terms that define the control requirement [19] . Additional terms such as nonlinearities and constraints can easily be added to the cost function to further enhance the results. In this PCC scheme for TLIMC topology, the cost function represents a summation of subfunctions and which handles the regulation of the output current and ensuring positive dc link voltage respectively. (25) and (26) evaluates the deviation of the output currents and source currents respectively from its reference. Subscript α and β denotes the real and imaginary components respectively. V. SIMULATION RESULLTS AND ANALYSIS In order to analyse the effectiveness of this control scheme, two different simulations were carried out in Matlab/Simulink® environment. The parameters used in this simulation are given in Table 2 and the simulation has been carried out with sampling time s T s μ 10 = . The FCS-MPC technique is simulated in MATLAB Simulink to justify the performance of the proposed control scheme. The parameters used in simulation are given in Table 2 and the simulation has been carried out with s T s μ 10 =
.
In this simulation, a balance (8A, 30Hz) three phase currents was set as reference. The performed simulation has resulted numerous interesting results, however, only selected significant results are displayed in this paper because they lead to nearly similar results. Fig.2 illustrates the load current of the simulation. Here, only one simulation result is presented because both approaches produce similar output current waveform. It can be seen that the proposed methods yields a typical response with good reference tracking ability. From the simulation results, it can be drawn that dynamic response of the output current waveforms using predictive controllers requires a very small transient period before the load currents follow the reference signals. More complete THD% analysis will be presented in the following results to sort the most to less performance amongst the proposed method. It is obvious in Fig.4 that the TLIMC is able to synthesize multilevel voltage at the output. This figure clearly shows nearly sinusoidal waveforms with a fundamental frequency of 30 Hz. Fig.5 illustrates the simulated supply current with superimposed supply voltage. The simulation period was chunked into two section. The first 0.2 second correspond to simulation without IUPF strategy whilst the remaining 0.2 second with IUPF strategy. Clearly, the IUPF strategy is able to fulfil unitary power factor condition by maintaining well-regulated supply current practically in phase with the supply voltage. This phenomenon can be translated into reactive power minimization as confirmed by Fig.6 . Fig.7 displays the frequency spectrum of the load current. This figure is representative to Forward and Backward Euler's approximation because all approaches exhibits similar performance and recorded equal value of THD%. With very small THD%, it can be deduced that the proposed methods can perform sinusoidal reference tracking with exceptional accuracy. The selection of input filter is essential in reducing the harmonics content. The effect of the input filter can easily be viewed in the frequency spectrum of input voltage. In Fig.8 , a wide range of spectrum are presented. It can be observed high concentration of harmonics neighbouring the harmonics. This is due to the resonance frequency of the input filter. Indeed, the resonance frequency and resonance harmonic order of the filter can be calculated as in (31) Around this resonance frequency, the input voltage presents a notorious harmonic distortion. This measure enables us to probe the best approximation method for PCC implementation of TLIMC. It suffices to compare the THD% of the proposed approximation method and choose the lowest THD% as the most performing method. One unparticipating findings was that Backward Euler's approximation recorded the lowest THD%, followed by Forward approximation.
The THD% for and are presented in tabulated form ( see TABLE III ). Primary findings from table 3 is that IUPF strategy has the ability to lessen the THD values as it recorded significant THD% reduction for both Forward and Backward method. Focussing in forward and backward comparison, it can be notice that with IUPF strategy, backward Euler's approach reveals better performance as it has lower THD% values than forward Euler's. 
VI. CONCLUSIONS
Being a perfect balance between simplicity and outstanding performance, predictive current control strategy was investigated in this study. TLIMC was used due to its special ability to produce multilevel output voltage which makes it a feasible option for medium and high voltage applications. The present study was designed to determine an approximation method which able to describe a discretize model with great accuracy. For this purposed, Forward and Backward Euler's approximation method was proposed. The selection of the best approximation methods is based on two criteria. Firstly, output current tracking ability and secondly, low THD% of input and output voltage. The outcome of the simulation reveals an excellent load current reference tracking for both approximation approach. These findings enhance our understanding of operating principle of TLIMC and provide a noteworthy contribution in mathematical modelling of TLIMC. The verdict of the simulation is, both approaches have quasi performance in terms of reference tracking ability. With respect to second criteria, Backward Euler's approximation seems to outperform Forward approximation.
